Combined proteomic and transcriptomic approaches to study the composition of the venom of Thalassophryne nattereri venomous fish revealed the primary structures of the major toxins as a family of proteases natterins, never described on venoms and a C-type lectin nattectin. To gain new insights into the mechanisms of venom pathogenesis and to further elucidate the role of its major toxins, the natterins and nattectin, we undertook in vitro investigations using these isolated toxins. Here we demonstrated the specific ability of the nattectin to bind types I and V collagen and natterins to bind and cleave type I collagen as well as type IV collagen, disrupting cell attachment and HeLa cells survival. Natterins have cytotoxic effect on both adherent cells or at in suspension, showing direct induction of necrosis that is followed by cell detachment. Nattectin improves integrinmediated HeLa cell adhesion and resistance to apoptosis by its binding to RGDdependent integrins, especially the b1 subunit. Based on our studies we now report that extracellular matrix (ECM) components as well as the integrin b1 subunit are targets for the natterins and nattectin. The ECM degradation or remodeling activities exerted by these toxins affect cell-cell and cell-ECM adhesion and survival and impair inflammatory cell migration into inflamed tissues.
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Combined proteomic and transcriptomic approaches to study the composition of the venom of Thalassophryne nattereri venomous fish revealed the primary structures of the major toxins as a family of proteases natterins, never described on venoms and a C-type lectin nattectin. To gain new insights into the mechanisms of venom pathogenesis and to further elucidate the role of its major toxins, the natterins and nattectin, we undertook in vitro investigations using these isolated toxins. Here we demonstrated the specific ability of the nattectin to bind types I and V collagen and natterins to bind and cleave type I collagen as well as type IV collagen, disrupting cell attachment and HeLa cells survival. Natterins have cytotoxic effect on both adherent cells or at in suspension, showing direct induction of necrosis that is followed by cell detachment. Nattectin improves integrinmediated HeLa cell adhesion and resistance to apoptosis by its binding to RGDdependent integrins, especially the b1 subunit. Based on our studies we now report that extracellular matrix (ECM) components as well as the integrin b1 subunit are targets for the natterins and nattectin. The ECM degradation or remodeling activities exerted by these toxins affect cell-cell and cell-ECM adhesion and survival and impair inflammatory cell migration into inflamed tissues.
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Introduction
Thalassophryne nattereri (niquim) is a venomous fish of the Batrachoididae family and, in Brazil, it is known by the severity of the accidents provoked in fishermen and bathers (Fonseca and Lopes-Ferreira, 2000; Faco et al., 2003) . Its venomous apparatus is composed of two dorsal and two lateral canaliculated spines covered by a membrane connected to venomous glands at the base of the fins. The venom displays proteolytic and myotoxic activities, but it is devoid of phospholipase A 2 activity (Lopes-Ferreira et al., 1998) .
The local pathogenesis induced by the venom includes edema, erythema and severe pain followed by intense necrosis and a markedly poor healing response (LopesFerreira et al., 2001) . Using a mouse model, LopesFerreira et al. (2002) demonstrated that the venom action on the endothelium contributes to blood stasis and to the formation of platelet and fibrin thrombi, with consequent ischemia. Corroborating the findings, recent studies from our laboratory demonstrated increased levels of TNF-a, IL1b and IL-6 in footpad homogenates from venom injectedmice associated with a very low inflammatory cellular influx into local lesions (Lima et al., 2003) , the latter being likely the consequence of an impaired blood flow in venules at injured tissue and the cytotoxic effect of the venom components upon inflammatory cells. Moreover, Pareja-Santos et al. (2009) showed that T. nattereri venom alters the extracellular matrix structure of mouse footpad tissue by the activation of matrix metalloproteinases (MMP-2 and MMP-9), in addition to decreasing collagen fiber content during the healing phase. It was also shown that the venom affects the cytoskeleton organization and pseudopodia formation of epithelial cells.
This scenario indicates an ambiguous role of the venom in the inflammatory process. On the one hand it displays a potent pro-inflammatory activity illustrated by the detected chemoattractants upregulation, and on the other hand, it affects the ability of tissue healing due to the extracellular matrix disorganization caused by MMP up regulated activity, which impairs the infiltration of inflammatory cells.
Combined proteomic and transcriptomic approaches applied to analyze T. nattereri venom complexity revealed the identity of the major toxins as a family of new proteins displaying kininogenase activity, the natterins. The transcriptomic analysis of this protein family showed five related sequences, named natterin 1-4 and P, which did not show any significant similarity to tissue kallikreins or any other proteinase. Besides releasing kallidin from low molecular weight kininogen and cleaving kininogen derived synthetic peptides, the natterins show nociceptive and edema-inducing effects similar to that presented by the whole venom (Lopes-Ferreira et al., 2004; Magalhães et al., 2005) . The venom also contains a galactose-specific lectin belonging to the family of C-type lectins named nattectin, which showed a Ca 2þ -independent hemagglutinating activity and induced persistent neutrophil mobilization in mice, indicating that marine organisms are source of immunomodulator agents (Lopes-Ferreira et al., 2011) . To gain new insights into the mechanisms of venom pathogenesis and to further elucidate the role of its major toxins, the natterins and nattectin, we undertook in vitro and in vivo investigations using these isolated toxins. Based on our studies we now report that extracellular matrix components as well as the integrin b1 subunit are targets for the natterins and nattectin. The extracellular matrix degradation or remodeling activities exerted by these toxins affect cellcell and cell-extracellular matrix adhesion and survival and impair inflammatory cell migration into inflamed tissues.
Experimental procedures

Venom and toxins
T. nattereri fish venom was obtained from fresh captured specimens at the Northeastern coast of Brazil (IBAMA 16221-1); natterins and nattectin were isolated as described before (Lopes-Ferreira et al., 2004) . Endotoxin Detoxi-Gel TM (Pierce, Perbio, Northumberland, UK) was used according to manufacturer's instructions to remove the contaminating LPS in venom or toxin solutions. LPS level was detected using Limulus Amoebocyte Lysate (BioWhittaker Inc., Walkersville, MD) as <0.8 pg/ml.
Reagents, chemicals, and antibodies
Eagle medium and newborn calf serum were obtained from Invitrogen (Merelbeke, Belgium), laminin (354232, B&D), type I (234149) and type IV (234154) collagens (Calbiochem, La Jolla, California). Mouse anti-venom of T. nattereri, anti-natterins and anti-nattectin were produced by immunization of mouse with 10 mg of venom or toxins according to Piran-Soares et al. (2007) . Anti-type I collagen (PA1-27396), anti-type IV collagen (SC9302), and anti-laminin (PA116730) antibodies were from Santa Cruz Biotechnology, USA. PE-armenian hamster IgG anti-mouse CD29 (integrin b1, 120291), purified rat IgG2ak antimouse CD49e (integrin a5, 553318), and FITC mouse antirat IgG (HþL, 114811) were purchased from eBioscience (San Diego, CA).
Solid-phase binding assays
Assays with one ligand adsorbed to plastic microtitre wells were carried out according to Buzza et al. (2005) using established ELISA-type protocols. Microtitre plates (96-well; Costar, Cambridge, MA, USA) were coated with type I collagen (3 mg/mL), type IV collagen (3 mg/mL), laminin (2 mg/mL) or BSA (1 mg/mL) (negative control) in PBS for 18 h at 4 C. For blocking, the wells were washed with PBS, and incubated with 200 mL of 10% BSA in PBS for 3 h at 37
C. After washing, T. nattereri venom (1 mg/mL) was added to each well for 3 h at 37 C. Primary antibodies (mouse anti-T. nattereri venom, anti-natterins, anti-nattectin, at 1 mg/mL) or goat anti-type I collagen, anti-type IV collagen, and anti-laminin (all at 1 mg/mL) were added to the plates and incubated for 1 h at room temperature. After washing and incubation for 1 h at room temperature with second antibodies (1/2000) anti-mouse or anti-goat IgG conjugated to horseradish peroxidase HRP (Amersham Biosciences) the absorbance of the specific binding was analyzed by spectrometry at 492 nm.
Culture of HeLa cells
The human adenocarcinoma cell line HeLa (CCL-2) was obtained from the American Type Culture Collection (ATCC, Manassas, VA, USA). Cells were grown at 37 C in a humidified atmosphere with 5% CO 2 in Eagle medium supplemented with 10% fetal calf serum according to Kalantarov and Acevedo (1998) . For experiments, cells were used at 60-80% confluence in medium without supplements. Cells were detached with 0.05% trypsin/ 0.5 mM EDTA in PBS.
Effect of venom or toxins on cell adhesion to ECM components
Microtitre plates (96-well; Costar, Cambridge, MA, USA) were coated overnight at 4 C with 100 mL of PBS containing purified type I collagen (3 mg/mL), type IV collagen (3 mg/ mL), or laminin (2 mg/mL) according to Buzza et al. (2005) . After washing, T. nattereri venom (1 mg/mL), natterins (1 mg/ mL) or nattectin (1 mg/mL) were added to each well and further incubated for 3 h at 37 C. HeLa cells (5 Â 10 5 cells/ mL) were added to the plate and allowed to adhere and reach confluence (1-2 days). The wells were washed five times with PBS, and the adherent cells were fixed with 10% (w/v) formaldehyde in PBS. The bound cells were stained with 0.05% (w/v) crystal violet for 30 min. The unbound dye was washed from the plates, and the stained cells were lysed with 1% (w/v) SDS for 60 min, and the absorbance of the wells was measured using a microtitre plate reader at 540 nm.
Effect of venom or toxins on cell adhesion
According to Rigot et al. (1998) , HeLa cell suspensions (1 Â 10 6 cells/mL) were allowed to adhere and reach confluence at 37 C, 5% CO 2 . Non-adherent cells were removed by washing twice with PBS and further treated for 24 h at 37 C with 1 mg/mL of T. nattereri venom, natterins or nattectin. Non-adherent cells were removed by washing with PBS and the number of adherent cells was assessed as described above.
Detection of apoptosis or necrosis
HeLa cell suspensions (1 Â 10 6 cells/mL) were incubated with 1 mg/mL of T. nattereri venom, natterins or nattectin for 24 h at 37 C, 5% CO 2 . After washing and centrifugation, the culture supernatant was discarded and the cell pellets were resuspended and viability was analyzed using a propidium iodide and FITC-annexin V binding assay (BD Biosciences, Mississauga, ON, Canada) according to Michie et al. (2003) . The intensity of fluorescence of stained cells was acquired using a BD FACSCalibur flow cytometer and data were analyzed with CellQuest software (BD Biosciences, Mississauga, ON, Canada).
Cleavage of ECM proteins by natterins
According to Bonnefoy and Legrand (2000) , natterins at 1 mg were incubated with 3 mg of type I collagen, or 2 mg of laminin, or 3 mg of type IV collagen in 20 mL of PBS for 24 h at 37 C as were controls of matrix proteins and natterins. Reactions were stopped by addition of Laemmli sample buffer and submitted to electrophoresis on 8% or 4-20% SDS-polyacrylamide gels at 20 mA for 2 h. Gels were silver stained.
Effect of nattectin upon integrin-mediated functions in tumor cells
HeLa cells (1 Â 10 6 cells/mL) were pre-incubated with a mixture of 10 mg/mL anti-a 5 and anti-b 1 mAbs for 30 min in ice. Cells were then added to 96-well microtitre plates coated with 1 mg/mL nattectin and allowed to adhere for 24 h at 37 C, 5% CO 2 . Adherent cells were stained with crystal violet, as described above, and viability was evaluated by the MTT assay (Mosmann, 1983) . Data were expressed as a percentage of adhesion in the absence of toxins.
Detection of the interaction of nattectin to HeLa cell integrins
HeLa cells (1 Â 10 6 cells/mL) incubated in the presence of 1 mg/mL nattectin at 4
C for 4 h were stained with antibodies anti-b 1 (Purified armenian hamster IgG2*y1 anti-mouse CD29) or anti-a 5 mAb (Purified rat IgG2ak antimouse CD49e) for 30 min on ice. PE anti-armenian hamster IgG and FITC mouse anti-rat IgG were used as second antibodies. The cell surface expression of integrin subunits was determined by flow cytometry analysis according to Nobumoto et al. (2008) . The mean of fluorescence intensity of stained cells was acquired using a BD FACSCalibur flow cytometer (BD Biosciences, Mississauga, ON, Canada) and data analyzed with CellQuest software (BD Biosciences, Mississauga, ON, Canada).
Statistical analysis
All values were expressed as mean AE SEM. Parametric data were evaluated using analysis of variance, followed by the Tukey test for multiple comparisons. Non-parametric data were assessed using the Mann-Whitney test. Differences were considered statistically significant at p < 0.05. The SPSS statistical package (Release 8.0, Standard Version, 1997) was employed.
Results
Natterins and nattectin alter the HeLa adhesion to immobilized ECM components
First we identified the ability of natterins and nattectin to bind extracellular matrix proteins (laminin, types I and IV collagen). In Fig. 1A -C, we only observed high recognition of untreated ECM components by antibodies direct against type I collagen, laminin or type IV collagen; and an insignificant binding was reached by anti-venom, antinatterins or anti-nattectin antibodies. After treatment of ECM components with T. nattereri venom (3 h, 37 C), high levels of binding of natterins and nattectin were demonstrated to type I collagen (Fig. 1D) , and of nattectin to type IV collagen (Fig. 1F) . Natterins or nattectin showed weak binding affinity to laminin (Fig. 1E) .
To determine whether binding of toxins to ECM components altered the adherent properties, HeLa cells were incubated in dishes coated with types I and IV collagen and laminin, all previously treated with venom or toxins. HeLa cells that exhibit anchorage-independent cell growth (Aplin et al., 1998) showed similar adhesion levels to types I or IV collagen and laminin-coated dishes, which did not differ to adhesion levels of HeLa cells to plastic (the first two columns on the left in Fig. 2A-C) . As shown in the last column of Fig. 2A and C, adhesion of HeLa cells was not hampered by binding of nattectin to types I or IV collagen, while venom and mainly natterins treatments inhibited the adhesion of cells on dishes coated with types I and IV collagen (third and fourth columns in the Fig. 2A and C) . In Fig. 2B , adhesion levels of HeLa cells to laminin were similar after venom or toxins treatments.
Proteolytic and cytotoxic effects of natterins
Based on the results that show natterins posses protease activity (Lopes-Ferreira et al., 2004) we investigate whether treatment of natterins directly degrade ECM components. For this, SDS-polyacrylamide gel electrophoresis after 24 h at 37 C of incubation with natterins was carried out. Under reducing conditions, soluble type IV collagen appears in two forms, full-length (>250 kDa) and a 120 kDa form, which was degraded by natterins (Fig. 3, lanes 7-8) . The high molecular forms of type I collagen above 250 kDa were also cleavage by natterins (Fig. 3, lanes 3-4) . No proteolytic activity of natterins was observed to laminin (Fig. 3, lane 5-6 ).
The knowledge that natterins act degrading ECM components which is associated to detachment-induced C. After blocking with BSA and washing, T. nattereri venom at 1 mg/mL was added for 3 h, at 37 C. Bound toxins were quantified by ELISA using mouse antivenom of T. nattereri, anti-natterins, anti-nattectin (all at 1 mg/mL, D-F) and ECM components were detected using specific goat anti-type I collagen, anti-type IV collagen, and anti-laminin (all at 1 mg/mL) as primary and an anti-goat IgG conjugated to horseradish peroxidase (A-C). The absorbance of the specific binding in triplicate wells was analyzed by spectrometry at 492 nm. *p < 0.05 compared to specific binding.
cell death (anoikis) (Meredith et al., 1993 ) the next step was to investigate whether toxins induce death following cell detachment. As shown in Fig. 4A , treatment of adherent HeLa cells with venom or natterins, and not nattectin, resulted in a dramatic loss of adherent cells, which is consistent with the increased LDH leakage observed (data not shown). In addition, venom or natterins greatly affected total viability of cells at suspension, inducing cell death; and nattectin rescues cells from death by apoptosis (Fig. 4B ). These results demonstrate that natterins act on the matrix to induce cell detachment and on cells to induce death; and nattectin is an important factor for survival of cells.
Nattectin inhibits integrin-mediated functions in tumor cells
The integrin a5b1 is the major integrin expressed by
HeLa cells (at 2700-3200 receptors/cell), which bind to the 70 kDa amino terminal region of fibronectin, which contains the RGD sequence (Pankov and Yamada, 2002) .
Because cell surface levels of b1 integrins are linked to the ability of HeLa cells to adhere to the ECM, we determined the effects of nattectin on cell adhesion using neutralizing antibodies to subunits b1 and also to a5. In Fig. 5A , we observed a slight increase (13%) in adherent cells to dishes coated with nattectin (column 2) compared to plastic (column 1). Then, the blocking of a5/b1 subunits results in the 39% of inhibition of the cell adhesion to nattectinadsorbed dishes (column 4). In addition, HeLa cells loss the viability after blocking of a5/b1 subunits when plated on nattectin-coated dishes (Fig. 5B) .
HeLa cell integrin is binding target for nattectin
Adhesion molecules play a pivotal role in cell adhesion and resistance to death. In order to clarify whether nattectin binds to a5 or b1 subunits on cell surface, HeLa cells were exposed to nattectin for 4 h at 4 C and then stained with antibodies to integrin subunits. We found a significant decrease of CD29 expression in HeLa cells treated with nattectin, showing that this lectin significantly binds the b1 integrin subunit, and no binding was observed to a5 subunit (CD49e, Fig. 5C ). These results mean that the adherence and viability of HeLa cells to nattectin are mostly because of the binding the b1 integrin subunit.
Discussion
Combined proteomic and transcriptomic approaches to study the composition of the venom of T. nattereri venomous fish (Magalhães et al., 2006) revealed the primary structures of the major toxins as a family of proteases natterins, never described in venoms and a C-type lectin nattectin. Natterins presents nociceptive, edema-inducing and kininogenase activity similar to that presented by the whole venom (Lopes-Ferreira et al., 2004; Magalhães et al., 2005) and nattectin, which contains the QPD (Gln-Pro-Asp) sequence in the carbohydrate recognition domain recognizes Gal-b(1-3)-N-acetylgalactosamine.
Here we now report that extracellular matrix components as well as the integrin b1 subunit are targets for the natterins and nattectin. The extracellular matrix degradation or remodeling activities exerted by these toxins affect cellcell and cell-extracellular matrix adhesion and survival and impair inflammatory cell migration into inflamed tissues. The importance of extracellular matrix, including fibronectin, collagen, and laminin, to cellular growth and differentiation of normal and malignant cells has been known for many decades. Here we demonstrated the specific ability of the nattectin to bind type I collagen, basic constituent of the extracellular matrix and type V collagen, the integral structural component of venular basement membrane. In addition, natterins only bind the type I collagen. Previous reports have shown binding of snake venom metalloproteinases (SVMP) to collagen fibers, as occurs with crovidisin (Liu and Huang, 1997) , catrocollastatin (Zhou et al., 1995) , and jararhagin (Moura-da-Silva et al., 2008) . After binding to collagen, the proteolytic activity of these SMVP persists and cleaves extracellular matrix components, resulting in disruption of capillary vessels and strong local hemorrhage.
Based on the previous results that show natterins have protease activity (Lopes-Ferreira et al., 2004) we provide evidence that the binding of natterins to type I collagen results in its proteolytic degradation. Our findings show that natterins can degrade in vitro type I collagen as well as type IV collagen, suggesting that these matrix components are more susceptible to natterins attack and can expose available sites for recognition and cleavage. This activity was also demonstrated by other enzymes such as kallikrein and plasmin, human serine proteases (Ledesma et al., 2000; Yousef and Diamandis, 2002) , which present extensive cleavage activity that in turn release bioactive peptides and elicit various biological responses. Furthermore, the ability of natterins to cleave ECM proteins and also to inhibit the cell-ECM adhesion excludes the possibility of generation of pro-adhesive peptides by natterins.
Although the natterins cleavage sites in collagens are yet to be determined, given its ability to efficiently disrupt integrin-mediated HeLa adhesion to these matrices, natterins probably cleaves these proteins at the integrininteraction site. Recently Buzza et al. (2005) demonstrate that human granzyme B (GrB) cleaves vitronectin and fibronectin in the RGD integrin-binding motif, explaining its ability to detach primary and transformed human cell lines.
Also, natterins have potential cytotoxic effect on adherent cells or cells in suspension, showing direct induction of cell death that is followed by cell detachment. Thus, the cooperation between degradation of ECM components and induction of cell death helps to explain the intense necrosis and a markedly inefficient healing response seen in T. nattereri victims (Lopes-Ferreira et al., 2001 ) and the very low inflammatory cellular influx into footpad lesions of mice (Lima et al., 2003) .
Cell-ECM interactions are mediated by numerous adhesion receptors, of which integrins are the most prominent (Hynes, 1999) . b1 integrin can pair with the a3, a6 or a7 integrin subunit to form heterodimeric laminin receptors, with a5, aV or a8 to form fibronectin receptors, or with a1, a2, a10 or a11 to form collagen receptors (Hynes, 2002) . Naturally occurring integrin inhibitors have been found in venoms of snakes, leeches and insects. Most of the known integrin inhibitors are disintegrins (White et al., 2001) , which bear a functional Arg-Gly-Asp (RGD) sequence in a flexible loop; and C-type lectin proteins (CLPs) (Eble and Tuckwell, 2003; Pilorget et al., 2007; Sarray et al., 2007) .
Consistent with the idea that C-type lectins can bind integrins and inhibit its binding to ECM components we further confirm the role of nattectin in cell attachment and viability. We found that nattectin in contrast, improves integrin-mediated cell adhesion presumably binding to glycoproteins at the cell surface via its lectin-domain. As previously reported, galectins as Gal-8 acts via interaction with integrins on adherence and spread of several types of normal and transformed cells (Liu and Rabinovich, 2005) .
To determine whether nattectin binds to a5 or b1 integrin subunits on cell surface we searched for binding by means of flow cytometry, using incubation of HeLa cells with nattectin for 4 h at 4 C and then stained with antibodies to integrin subunits.
Ours results show that the improvement of the adherence of HeLa cells mediated by nattectin can be attributed to its binding to RGD-dependent integrins, especially the b1 subunit. It is not possible speculate that nattectin contain an RGD integrin-binding motif (Arg-Gly-Asp) since the peptide sequence of nattectin is now entirely known and does not contain any RGD site (Lopes-Ferreira et al., 2011) . Interestingly, the finding that the anti-a5/anti-b1 Fig. 3 . Natterins cleave the major ECM components. Natterins at 1 mg were incubated with 3 mg of type I collagen, 2 mg of laminin, or 3 mg type IV collagen in PBS as were control matrix proteins and natterins. Reactions were stopped by addition of Laemmli sample buffer and submitted to electrophoresis on 8% or 4-20% SDS-polyacrylamide at 20 mA for 2 h. Gels were silver stained.
antibodies did not eliminate all the binding suggests that other adhesive proteins on the HeLa cells may be important to cell adhesion of these cells.
Altogether, our data that show the binding of nattectin in a carbohydrate-dependent manner with glycoprotein structures on the cell surface (as b1 integrin subunit) and with glycosylated components of the ECM lead us to hypothesize the requirement of two CRD's or dimerization of nattectin. Almost all galectins either contain CRD's or dimers, and bivalence is a prerequisite for Gal-3 (Ahmad et al., 2004) and Gal-9 activities by their interactions and formation of lattices (Matsushita et al., 2000) .
Furthermore, the increased survival of HeLa cells induced by nattectin can be correlated to the possible binding of nattectin to b1 integrin. This interaction could result in the generation of intracellular signaling (Mitra and Schlaepfer, 2006) , in the modulation of the affinity or avidity of the b1 integrins for their ligands; and finally with the generation of counter-balance proteins with anti-(Bcl-2, Mcl-1, Bcl-X L ) or pro-apoptotic (Bad) activities.
In conclusion, we have defined the point of divergence between natterins and nattectin and shown that natterins act as protease degrading extracellular matrix components and promoting necrosis and cell detachment; and that nattectin improves both integrin-mediated cell adhesion and resistance to apoptosis, via its lectin function. The extracellular matrix degradation or remodeling activities exerted by these toxins affect cell-cell and cell-extracellular matrix adhesion and survival and impair inflammatory cell migration into inflamed tissues. Eagle's medium for 24 h (A). Non-adherent cells were removed to assess the number of adherent cells as described in Fig. 2 . HeLa cell suspensions (1 Â 10 6 cells/ mL) were incubated with 1 mg/mL of venom, natterins and nattectin for 24 h at 37 C, 5% CO 2 . After washing and centrifugation, the culture supernatant was discarded and the cell pellet was resuspended and viability was analyzed using a propidium iodide and FITC-annexin V binding assay (B). The intensity of fluorescence of stained cells was acquired using a BD FACSCalibur flow cytometer and data analyzed with CellQuest software. FITC-annexin V and PI negative show viable cells, or no measurable apoptosis; FITC-annexin V positive and PI negative show early apoptosis, membrane integrity is present; and finally FITCannexin V and PI positive show end stage apoptosis and cell death. *p < 0.05 compared to un-stimulated cells and #p < 0.05 compared to control apoptosis.
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